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INTRODUCTION

When analyzing engagements between submarines and surface ships, it is often
necessary to estimate the effectiveness of the submarine's torpedo attack. Although
sophisticated homing torpedoes are being used by many of the world's navies, there
continue to be large inventories of straight-running torpedoes. This research con-
tribution presents a methodology and a set of computer programs for analyzing an
attack on a nongvading surface ship by submarine(s) firing straight-running torpedoes.

It explicitly assumes a triangular horizontal cross section for target ship geometry.

We believe this approximation is more applicable to combatants than previously assumed
geometries and provides reasonably accurate results for bow and stern shots as well

as beam shots. The programs provided make it possible to analyze the effects of several
simultaneous, independent submarine attacks. The user must provide some of the
torpedo and target ship characteristics and submarine firing doctrine. These are:

e Torpedo

- speed (knots)
- maximum run distance (yards)
- reliability

e Target

- length at waterline (feet)
= maximum beam (feet)

- speed (knots)

e Firing doctrine
- number of torpedoes in the salvo
- salvo spread (expressed as a multiple of ship length), |

The submarine's position relative to the target is a control variable, The position is
expressed as a range and bearing measured clockwise relative to the target's heading.

If a vulnerability curve is available, it is possible to compute the probability that ‘
the target sustains a particular level of damage., The David Taylor Ship Research and
Development Center, Carderock, is one source that provides vulnerability curves for
a ship being put out of action, sunk, or immobilized.

MODELING A TORPEDO ATTACK

The Torpedo Problem
The classical torpedo problem is in three parts:

|
|
|
|
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(1) Given that a salvo of n torpedoes is fired at a ship, calculate the probability

that 0, 1,2,...,n torpedo tracks intersect the target if all torpedoes function
properly,

(2) Given the results in (1), calculate the probability that 0, 1,2, ..,n torpedoes
reach the target and explode.

(3) Given that 0, 1,2, ...,n torpedoes hit the target and explode, calculate the
probapility that the target is out of action, severely mission degraded, or sunk.,

To solve the first part, consider the typical fire control triangle shown in figure 1,
It is easily seen from this figure that torpedo lead angle, \ , is

A = arc sin[% sinB] : (1)

ut Target track

Target

RA

RA = range to the target at time of firing
RT = lenght of torpedo track
u = target speed
v = torpedo speed
t = running time of torpedo
B = target angle on the bow at time of firing
A = torpedo lead angle
T

= torpedo track angle Submarine

FIG. 1: TYPICAL FIRE CONTROL TRIANGLE
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Although ) does not depend directly on range, errors in measuring range ( to
estimate u and 8 ) result in lead angle errors, Lead angle error is derived as:

E \2
& (Tu_> sinzﬁ + Eg coszﬁ 2

+E (2)
T -

u

E

2
A

where: «

= standard deviation of the lead angle error,

= standaxd deviation of the errors in estimating u ,
= standard deviation of the errors in estimating S,
= gtandard deviation of incidental errors.

o m

Values for these standard deviations have been estimated in reference 1 from short-
range (less than 4,000 yards) attacks on Japanese ships during World War II as follows:

E

L =0,15,

u

EB = 10 degrees (0. 1745 radians), and

E-i = 0,05, 0.03, and 0,015 radians for 1,000, 2,000, and 3,000-yaxrd

ranges to the target at the time of firing,
Other values of Ei » where needed, are taken from the continuous function:

E1=exp {-0.0006 RA ~2,4} , 3)
where RA = firing range in yards,

These parameters are used in the computer program presented later. Data from
more recent experience with straight-running torpedoes can be easily inserted into the
program, if it is available,

The Model
El is used to estimate toxpedo hit probabilities, assuming that the torpedo track has

a Gaussian (normal) distribution about its intended course with mean zero and standard
deviation Bl « The probability of a hit on a ship by a single torpedo aimed at the

center of the target is the integral from -Leﬂ/ZE)‘RT to +Leﬂ/2E)\RT of the standard
normal distribution, L .. is the effective length of the target measured perpendicular

eff
to the torpedo track, and RT is the length of the torpedo track,

P RO R e -—3-
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For a salvo of torpedoes, the limits of integration for 0, 1,2, or more hits are a
function of Leﬁ/ EXRT , the spread of the salvo, and the number of torpedoes in the

salvo, When a salvo of more than one torpedo is fired at a target, it will be assumed
that the center of the salvo is fired at the center of the ship, the torpedoes are equally
spaced, and the individual torpedoes within the salvo run in parallel with no error be-
i s tween torpedoes. The only error, E)t , is the placement of the center of the salvo on

! i the target, o

A formula for EA was presented in equation 2, From figure 1, it is apparent that

RT =vt . We next need to determine Le &
Target Ship Geometxy
To obtain an exact formula for Let'f requires a description of the horizontal cross

section of the target ship at torpedo running depth. This is impractical. Prior models
generally use approximations based only on length, with the beam assumed to be zero.
This produces severe errors for bow and stern shots, Often implicitly rather than
explicitly, some geometric shape is assumed for the waterline cross section. In many
cases, the shape is a rectangle of length L and width B, clearly applicable to barges
and to a lesser extent merchant vessels and auxiliaries, but not to combatants. Modern
combatant hulls tend to have fine lines at the bow and nearly uniform width aft of the 3
maximum beam. 4

We considered several geometric shapes, For example, the combination of a rectangle
plus an isosceles triangle provides an excellent approximation, but a combination of
geometric shapes complicates the mathematical formulation considerably. In general,
compound shapes result in complex mathematics. A triangle alone, however, provides
results that are nearly as good with much simpler mathematics. Therefore, we used an
approximation based on a triangular shape, with the small angle pointed forward and the
base as wide as the ship's beam aft (see figure 2), This explicitly assumed triangular
ship geometry is the basis for the computation of Leff in this research contribution and

the computer program,

A triangular configuration provides a reasonable approximation of the shape of most
modern combatants in the critical locations near the bow and stern, The small errors
that result from using this configuration take effect principally at small non-zero torpedo
angles and to a lesser degree for near~180 degree stern shots., Typical beam=to=-length
ratios result in an angle at the bow of 3-1/2 to 4 degrees relative to the ship's centerline,
A modern combatant has an angle of approximately 10 to 12 degrees, With a track
angle between these values, the model understates hits at the bow. Except at track
angles of exactly 0, 90, and 180 degrees, the model overstates hits at the stern, These

4




.I.eff = max

v

Aim point:
/— center sine, amidships

-
[}

target ship length
target ship beam
track angle
effective length

|
-

(]

-

-
non

* Torpedo track

FIG. 2: ASSUMED SHIP GEOMETRY

errors partially compensate for one another, The model is correctly biased to the extent
that torpedoes traveling at a high relative velocity at angles of 3 to 12 degrees relative

to ship's track would be subject to hydrodynamic forces at the bow and/or not detonate
because the angle of incidence relative to hull plating is very small,

The mathematical approximation of Leff for a triangular shape, including a first-
order adjustment for relative motion, is:
Lx | sin 1 |
+§-x | 8+ cos ||+ (1+2cos ‘l‘)(4)
B u gy : v
zx | F+cost| :

This approximatior. is used in the APL computer program described later.




Torpedo Salvos

To develop the limits of integration for multiple hits on a target, the effective ]
length of the target is converted to an angular measure (the angle subtended from the 2
aim point when the torpedo is at the end of its intended run, Leﬂ/RT) and defined |

as a ratio to the standard deviation of *he lead angle error: TL = L g/E,RT . .The 4

1

coverage factor, CF , is expressed as a multiple of TL,
i !
It will be necessaxry to integrate the standard normal distribution between some limit

a, and bi » to compute the probability of i tracks intersecting the target, From this,

the probability of h hits can be calculated using torpedo reliability.

The limits of integration, a and bi ,» can be represented algebraicly in terms of

TL, CF, and n (number of torpedoes in the salvo), For convenience we will also define
the spacing between torpedoes as SP = (CF x TL) / (n~-1) .

Under the assumptions of this model, a target is missed (no track intersections),
when the center of the salvo is displaced from the aimpoint by at least TL/2 + 1/2

the salvo width; that is, (CF + 1) x TL/2 = ag ®= b0 (see figure 3).

€ ¢
: ! %(CF+1)TL : :
b TL } CFxTL ]
I ! ] '
- T
I - -]
0 ag bo=
|

Limits of integration

FIG. 3: LIMITS OF INTEGRATION: 5 TORPEDOES, NO HITS

oo i b bl




We will get one track intersection if the center of the salvo is displaced from target

center less than ay = b1 and more than 8, = SP=a, (see figure 4). Similarly, we will
|

get two track intersections if the center of the salvo is displaced less than b2 =a,, |
but more than a,=a, - SP=a_ - 2x SP (see figure 5). This leads to the general form:

0

a, =a, -ixSpP;

5 8
L d
'bi=ai_1=a0-(i-1)xSP.

Since there are only n-1 spaces, O<i<n-1 , However, these values are not ex-
actly correct because of two limitations:

First: If the coverage factor is greater than 1 (i.e., the salvo spread is wider than
the effective length of the ship), then a point will come at which a,>0 but ix SP>TL .

That is, torpedoes will miss both ahead and behind the target ship (see figure 6). Beyond
this point, the number of track intersections alternates between i and i-1 , This
fluctuation can be visualized by thinking of the center of the salvo moving from bow to
stern across the target. At some point, a torpedo "falls off" the stern (there are now
i-1 intersections) and then another "comes on" at the bow (i intersections), and so on.
After the salvo center passes the target's mid point, the number of intersections

will continue to fluctuate for a while and then diminish until eventually no tracks inter-
sect the target,

The limits of integration are handled in the following manner, When i x SP>TL for
the first time, the limits of integration for i track intersections are:

a,i=a0-TLandbi=»ai_1 .

After the point when the center of the salvo is at a, - TL , we get one less track

0
intersection because one torpedo misses astern as the salvo moves aft, As the
salvo continues to move aft, the next torpedo "comes on" at the bow when the salvo
center is at ag - (i) x SP (recall ix SP>TL). Thus integration between the limits

ag - (1) x SP and ag - TL contributes to the probability of (i-1) hits,

As the salvo moves aft, we get i hits until the second torpedo "falls off" the stern
when the salvo center is at ag = (TL +SP), We then get i-1 hits until another
"comes on" at the bow when salvo center is at ag - (i+ 1)SP . Continuing in this

pattern, we see that for i>(TL+SP) , we end up with alternate intervals contributing
to the probability of i and i-1 hits,
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Intervals of the form a, - (1+3)SP to a, = (TL + ()SP) contribute to the probab
of i-1 hits,

Intervals of the form a, - (TL +()SP) to ag - (1=1+ 1) contribute to the proba=

bility of i hits,

That is

Prob - (i-1+0)SP a, =(i=-1+1)SP a, - (i-142)SP

of = N@©,1) + N(O,1)  + / N(O,1) +...
HS 4 «TLHO)S) B «TLKDSH) A «TLKDSP)
and

-Prob aO-TL-I-(O)SP) a, -(TL+(1)SP) a9 ~(TL+H2)SP

of = / N(0, 1) + N(,1)  + N, 1) +...
b Bg ~(140)SP 2, <+1)SP h, (2)SP

where N(0, 1) is the standard unit normal distribution. These are still not ex'actly -0
values, Each series must be stopped after a limited number of terms. This leads

second limitation.

Second: We will eventually multiply the derived probabilities by 2 because the aim '
point was assumed to be the center of the target and the standard normal distribution

is symmetric, This means we must integrate only over intervals to one side or
the other of target center (see figure 7),

A check must be made at each step to insure the limits of integration are all non-
negative.

The smallest integer value of i for which i x SP>TL is an upper limit on the

number of intersecting tracks, along with n (the number of torpedoes in the salvo),

The same constraint can also be expressed as follows: the maximum number of
tracks is the smallest integer i , suchthat i2n/CF and i<n .

Reliable Hits on a Target

Once the probabilities of 0, 1,2,...,n intersecting tracks are computed as previ
described, the next step is to determine the probabilities of 0,1,2,...,n reliable to
hits, To make a hit, a torpedo must travel an intersecting track and perform reliably.

If we use the symbol P(T=i) for the probability that there are i intersecting tracks and }

¢ for the reliability of an individual torpedo, then the probability of h reliable hits
P(H=h) where h<i can be computed as:

P(H=h) = gh P(T=i) x P(H=h | T=i) . (5)
«10-
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Assuming that the reliability of one torpedo is independent from that of another, we
can use a binominal distribution for P(H=h| T=i), and then

b = O P(T-t){({,) il-e)("h)eh} : (©)

Taxget Vulneuung A

The probability that a ship receives a particular level of damage is the probabili
of a particular level of damage given h reliable hits times the probability of h reliable
hits summed over the range of possible values for h ., If we symbolize the vulnerability
vector providing the probabilities of damage given h hits as V¢(h), h=1,2,,..,n, we
can compute the probability of damage (PD) to a ship by the formula

PD = lg\ P(H=h) x V(h). ., (7)

The damage probability can also be interpreted as the expected fraction of attacked ships
in a force that are damaged,

Simultaneous Attacks

To properly account for simultaneous, independent attacks by more than one sub-
marine, the probabilities of reliable hits for each submarine must be combined into a
probability of reliable hits by all submarines, before performing the step indicated in
equation 7 above. For example, when there are two submarines, we first compute
P 1(l-l==h) and Pz(H=h) for each submarine, Then

P(H=h) = g -?Pl(H=i)x PZ(H-’-'h-i) . (8)

Although equation 8 assumes attacks by only two submarines, it can be extended to any
arbitrary number of simultaneous, independent attacks,

COMPUTER PROGRAM

The APL computer programs and subroutines in appendix A provide a variety of
techniques for computing intersecting tracks, hits, and/or damage probabilities for
one or more attacking submarines,

The first program listed, and the simplest to use, is Program ATTACK, This
program is limited to computing results for attacks by one submarine; it requires only
limited knowledge of the program and APL., ATTACK is a conversational program that
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computes and displays intersecting track probabilities, hit probabilities, and/or
damage probability, It also displays, on request, the results of such intermediate
calculations as track angle, torpedo run time and distance, effective ship length, and
the value of TL. Intersecting tracks and hits are displayed as probability vectors
(the probability of 0, 1,2, ...n tracks or hits), AppendisthowsaaampleA’I'I‘ACK
run in which user inputs are underlined.

Appendix A also contains 7 additional programs that do the same computations
as program ATTACK, but with more flexibility, These programs permit the analysis
of more complex tactical situations (i.e., multiple submarines)., These programs are
more complex than ATTACK, however, and familiarity with APL is essential to use
them effectively. The basic use of each of the programs is shown in table 1, Several
examples are shown in appendix C,




b

TABLE 1

TORPEDO ATTACK PROGRAMS

ATTACK Computes intersecting
tracks, hits and

' 4 damage probability

for one submarine

TRACKS Computes probabilities
of 0,1,2,...,n inter-
secting tracks

RITS Computes probabilities
of 0,1,2,...n hits

BLOSS Computes probability
of damage
SuBsS Computcs a track or

hit probability
vector for two or
more submarines
firing from the
same or from
symmetric positions,
or for two or more
salvos from the*
same (relative)
position

COMBINE  Combines two’ prob-
ability vectors
from TRACKS or HITS
into a single prob-

* ability vector (to
combine hit prob-
abilities for non=-
identical attacks)

BINAPPROX Computes a vector of
binomal probabilities
(by normal approxi-
mation if necessary)

NORM Computes areas under
the standard (unit)
normal curve by
approximation

INPUT REQUIRED oureur

Response to Labeled displays
conversational as requested

inquiry

1 of target, A of inter-

torpedo and tactical mediate calculations,
parameters. and intersecting track

Soe page C-1. probabilities. See page C-1.

Track intersection
probabilities (part
of the output of
TRACKS) plus torpedo

. reliability

Oytput of HITS (or
SUBS or COMBINE)
Plus a vulnerability
vector (probability)
of demage given
0,1,2,... hits®),
See page C-2.

The output of HITS
or the probability
vector output of
TRACKS and number
of submarines

(or salvos).

Two probability
vectors of length

Iy and L,

N,P == the binomal
parameters

One or more values

.representing dis-

tances from the mean
measured in standard
deviations

A vector of hit
probabilities. See
page C-2.

The probability of
damage (expected :
fraction of target 4
ships damaged)

The probability
vector for
0,1,2,...2 hits or 3
tracks where . E
z=number of sub- ;
marines (or saivos) 3
times the size 1
of salvo

One probability
vector of length

1.101.2-1

ianlidasnil

A probability vector [
of length N¢1

A left-hand
cumulative normal
probability for
each input

82¢ the vulnerability vector does not contain probabilities for all possible

nusbhors of hits, it is extended by projecting a straight 1ine through the
last two values given until rcaching an upper bound of 1.0.

b

COMBINE can be chaincd to handle a combination of more than two vectors.

«l4=

Dl e

|
|
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APPENDIX A
APL COMPUTER PROGRAMS




Sl - . ar i C At Rl & 4

v ATTACK3X3SWiHEADS R VUL
€13 ‘WHAT IS TARGET SHIFP LENGTH IN FEET?'

C2] X0

£3) 'WHAT IS TARGET SHIFP BEAM IN FEET?'
C4] XeX0

€S 'WHAT IS TARGET SHIP SPEED IN KNOTS?T'
Cé] XXy 0O

‘C723 ‘WHAT IS RANGE TARGET TO SUB IN YARDS?T'

£8l X+X»0

€%l ‘WHAT IS ASPECT ANGLE (ANGLE ON THE TARGET BOW) IN DEGREES?'

€101 X&X»D

€11) ‘HOW MANY TORFEDOS IN A SALVO?'

€121 XeX»0

€133 ‘WHAT IS THE COVERAGE FACTOR? (TORFEDO SPREAD + TARGEY SHIP
LENGTH) *

C14] XeX»0

€151 ‘WHAT IS TORPEDO SPEED IN KNOTS?T®

C16] Xe&X»D

C171 'WHAT IS TORFEDO MAXIMUM RANGE IN YARDS?'

€181 X&X»D :

C19] ‘'YOUR ANSWERS IN ORDER WERE?'yOR#X#ORy 'ARE THEY OK?'

C201 +1x1A/'NO ‘=510

€211 'DO YOU WANT TRACK PROBABILITIES DISPLAYED?'

£22] SWea/'YES '=5t0

£23] 'DO YOU WANT TRACK ANGLEy RUN DISTANCE,» RUN TIME., EFFECTIVE
LENGTH» AND TL DISPLAYED?' -

C24] SWeSWrA/'YES '=5t0

€251 .‘DO YOU WANT HITS DISPLAYED?T®

C26]1 SWeSWrA/'YES ‘=510

£27] 'IF YOU HAVE A VULNERABILITY VECTOR I''LL COMPUTE EXPECTED
LOSSES. '

€281 ‘INPUT THE VECTOR STARTING WITH FROB OF LOSS GIVEN ONE HIT»PROB
OF LOSS GIVEN TWO HITS» .+ .ETC: IF AVAILABLE. OTHERWISE HIT THE
RETURN., *

L2931 I0x10=4/8W¢SWr12pVULE»2'0 910010

€301 L1x10=4/SUC3»41

€311 ‘*I"'LL NEED TORFEDO RELIhBILITY

L3211 ReD

£331 L13TEMPETRACKS X

L343 NOSHOTX11=A/(180s(2p10%7)»0+0r1)=6¢TEMP

L35] L2x15WC11=0

[36] ‘TRACK PROBABILITIES'»OR»((S 0v0)»10 OvtXL61)»OR»10 SeSITEMP

C371 L2:4L3x18WL21=0

€381 ‘TRACK ANGLE RUN DISTANCE RUN TIME EFFECTIVE SHIFP

LENGTH'»OR» ' (DEGREES) (YARDS) (SECONDS) .(FEET)

TL(STD.DEV.) '

€321 7 1 15 0 15 1 13 0 15 A¢StTEMP

* £40] L3?19L4x1SWL3]1=0

C411 ‘'HIT PROBABILITIES'»0OR»((S 0v0)»10 Ov1XL61)»OR»10 SeR HITS S5¢
TEMP

' £42] LA{0X\SWL41=0

€431 'EXPECTED LOSS FROBABILITY! ‘'FVUL ELOSS R HITS SI{TEMP

L44]

£45)] NOSHOTS'THERE IS NO CHANCE OF A HIT GIVEN THIS SET OF DATA.'
v

S ——




» €13
€21
£33

. £4]

Té61
£7]
£sl
€%l
C£101]
€111
£C121]
£ C131
i 3 C14)
‘ : E C1S)
i ' L1461

€173
c1831
£19]
, C o £201
E £213
i St €223
- : £233
£241
£253
£261
: £273
. £283
: £293
£303
£313
£3231
£33]
£343
£353
£363
£373
c383
£393
£40]
£A13
£421

£S5y

v Z¢TRACKS X$#SL7SBISSIRATANINTICFITSiMRILAITLIRTSIKISPINGTIESIJEL

20x19%e X
SL«XC1]
INOSHOTX \0=SL +SB+XL2]
88¢XL3] ;
_*NOSHOTX10=RA+XL4]
AN¢oXC51+180
ANOSHOTX10=NT+XLé1]
CFeXC?7]
SNOSHOTX\0=TS¢XL8]
SNOSHOTx10=MR¢XL9]
HNOSHOTX114(88+-TSIx10AN
LAT1a(88+TS) x10AN
INOSHOTX 102 T+14+(8S+TS ) Xx20ANFLA
Z¢180x (AN+LA) 01
JLOX1SES=0XE+*~2,4~0,0006%XRA *
E€((E*2)+((0.0225xC1cAN)I*2)40,03045025% (20AN)I %23+ ((TS+88)x2)-(10
ANI*2)%0.5
LOL1X10=1 [AN+-C140XRT¢RA=T
RTeRAX(1aAN)=1Ca(al)~ANFLA
L1¢INOSHOTXx \MR<RT
ELCC(TH(SLx | 1CANSLA)FTSEXO0, le(SSvTS)+2°hN+Lﬁ)+1+(SSvTS)x2°ﬁN+Lﬁ
Z¢ZyRTy(RT+TEX0,5626032861) yEL » TLFEL+-EX3XRT
AONEXV(NT=1)VCF=0
Me(14CF) xTL=2 s
SPEe(CFXTL)Y=NT~1
9CFLx\CFs1
KeLTL=SP
X+NORM MsM-SPx1K
X¢(1sX)~ X.NORM M-TL
I¢0
AGAINIXL™ 1+9XJ+XC 14+e¥3- (NORM T¢OrM~-SPXK+I+I+1)-NORM M-TL+IXSP
SENDX\T=0
XCeXJeXCeXT+(NORM T)-NORM OrM-TL+IXSP
FENDXV\OzM~TL+IXSF
2AGAIN
CFL!KENT-14CF=1
X¢NORM MsM-SFx1K
Xe(19X)=X20.5
ENDIZeZy (NTH1) t2xX
20
0N§32+Z-(1-SP):<(NT-‘)'O)vSP«Zx(NORM TL+2)-0.S
-
NOSHOT$Z¢ (64NT) 11805 (2,¢10%7)»0»0»1




v Z¢«P HITS V’N‘I
€11  NeeV
C2) ZeNtVLIe1]
C31 AGAIN!Z«Z+NtVLI+11IxBINAFPROX IsF
CA4) SAGAINXIN>I¢I+1
. v

L4

¢ ReVUL ELOSS PROB
£11  (L1,L2,L3)C24+x(pVUL)-rPROB]
£21 L1$-L2x11=VULCPVUL] .
[3]  4L3X10#sVULE(pPROB) $1LVUL » VULE pVUL 34 (VULEL VUL I-VULL~14#VULII X1 e
PROB
' C4) L2!VUL&(pPROB) tVULy(eFPROB)P1
4 i [51 L3$Re+/VULXFROB
b 4 - L2

: ? ReN SUBS P
1 C1] F0XV(NELN)<1»0pR¢1 O
; ; €231 20X 1N=1y0pR¢P
€3] ReF COMBINE R
431 AIX VL <NEN-1
L4

v R¢P COMBINE Q@

. £1] R*+/E1](O;~l—1+;P)¢(POoXG)v(YOv"l)+PP)rO
. v

@ V¢BINAPPROX Y3X3$N3F$Mi VAR

€1l +0X\(PII)VP£Ov0rU+(N+1)f(lsPﬁY[2J)11v(NfO)vleva\N«LY[lJ+O.5
; €21 434 (N>200) V(N>50) AN»>25% (P+1~F )T (1~F)+F
£33 FOXVE(PRXI X (XINI X (1~F ) ¥N-X

CAl Ve ((VARXO2) X700 5) Xk~ (X—M) *2) +2XVAR (1P ) XMeNXP

9 PNORM XiN
L1 ~ Ne1sPeOpXesX

€21 PePyi-( (= (2X01)*O.S)X*-OaSXXENJ*2)X+/O 31938153 T0.,356563782 E

1.781477937 ~1.821255978 1.330274429%x(+140.2316419xXIN1)*\S
£3] I2x V(P X)zNeN+1
v .
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APPENDIX B

2 B EXAMPLE OF USE OF THE INTERACTIVE PROGRAM ATTACK
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ke el A ek e

Note: Underlines indicate user entries.

ATTAC
WHAT IS TARGET SHIF LENGTH IN FEET?
ot :
1000
WHAT IS TARGET SHIP BEAM IN FEET?
{1}
120
WHAT IS TARGET SHIF SFEED IN KNOTS?
od
g‘g "
WHAT IS RANGE TARGET TO SUB IN YARDS?
os
3500
WHAT IS ASFECT ANGLE (ANGLE ON THE TARGET BOW) IN DEGREES?
135
HOW MANY TORFEDOS IN A SALVO?
L :
WHAT IS THE COVERAGE FACTOR? (TORFEDO SPREAD + TARGET SHIFP LENGTH)
2.5
WHAT IS TORFPEDOD SPEED IN KNOTS? .
3
50

WHAT 1S TORFEDD MAXIMUM RANGE IN YARDS?

10000

YOUR ANSUERS IN DRDER WERE?

1000 120 20 3500 135 &6 2.5 SC 10000 '

ARE THEY OK? .

YES

DO YOU WANT TRACK FROERARILITIES DISPLAYED?

YES

DO YOU WANT TRACK ANGLE» RUN DISTANCEv RUN TIMEs, EFFECTIVE LENGTH,» AND
TL DISPLAYED?

YES

DO YOU WANT HITS DISPLAYED?

YES

IF YOU HAVE ﬁ VULNERARILITY VECTOR I‘LL COMFUTE EXFECTED LOSSES.

INFUT THE VECTOR STARTING WITH PROR OF L0OSS GIVEN ONE HITsPROB OF LOSS
GIVEN TWO HITS» «..ETC. IF AVAILARLE. OTHERWISE HIT THE RETURN.

9«75

I'LL NEED TORFEDO RELIABILITY!

o
+85
TRACK FROBABILITIES
0 1 2 3 4 S 6
0,20017 0.16000 0/63983 0,00000 0.00000 0.00000 0.00000
TRACK ANGLE RUN DISTANCE RUN TIME EFFECTIVE SHIF LENGTH
(DEGREES) - (YARDS) (SECONDS) (FEET) TL(STD.DEV.)
151.4 < 5175 i84.0 781 © 047320

HIT FPROBABILITIES
0 i 2 3

4 5 5
0.23857 0.29915 0.,46228 0.00000 0.00000 0.00000 0.,00000
EXPECTED LOSS PROBARILITY! 0.4962068154

.
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APPENDIX C

EXAMPLES OF APL PROGRAM USE
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PodeE APPENDIX C
EXAMPLES OF APL PROGRAM USE

Example 1: Torpedo tracks (program TRACKS)

Maximu:\ torpedo range (yards)
Torpedo speed (knots)
Coverage factor
Number of torpedoes in salvo
Angle on the target bow (degrees)
Range to target (yards) \

Target speed (knots)
Target beam (feet)
Target length (feet)

|
TRACKS 1000 120 20 3500 135 6 2.5 S50 10000

~>151.4299402 5175.037571 183.9675558 781.4423676 0.7320379418 <

0.2001704761 0.,1599962003 0.6398333226 0 0 O O

Probability of:
0 intersecting tracks
1 intersecting tracks
2 intersecting tracks
3 intersecting tracks
4 intersecting tracks
5 intersecting tracks
6=n intersecting tracks

Track angle (degrees); run distance (yards), run time (seconds),

s { The first values in the output are: }
effective ship length (feet), and TL, respectively.




s o

APPENDIX C
EXAMPLES OF APL PROGRAM USE

Example 2: Torpedo hits and tracks (programs HITS and TRACKS)

Torpedo To remove intermediate values from TRACKS output
reliabil
Y Same as input for TRACKS, example 1

Al
it i

|
+85 HITS S¢ TRACKS 1000 120 20 3500 135 &6 2.5 50 10000
0.2385661559 0.2991542675 0.4622795756 0 O0 O O

T

Probability of:
n=6
5 hits
4 hits
3 hits
2 hits
1 hit
0 hits

Example 3: Expected losses from torpedoes (programs ELOSS, HITS, and TRACKS)

Probability of damage given 0 hits
Probability of damage given 1 hit

Probability of damage given 2 hits
Probability of damage given 3 hits

' Same as above, example 2

0 .5 75 1 ELOSS .85 HITS S¢ TRACKS 1000 120 20 3500 135 6 2.5 S0 1008
0.4962868154

Probability of damage




APPENDIX C
EXAMPLES OF APL PROGRAM USE

Example 4: Torpedo hits by multiple submarines (programs SUBS, HITS, and TRACKS)
B éups «85 HITS 54 TRACKS 1000 120 20 3500 135 6 2.5 S50 10000

< 0.05691381074 0.1427361672 0.3100617983 0,.2765858156 0.213702406
0 0 0 0 0 0 0 O

Probability of 0, 1.»2, . <+, 2xn hits with two submarines att_;gkip_g from the same re_lptivg position.

Example 5: Expected losses from a multiple submarine attack; (programs ELOSS, SUBS,
HITS, and TRACKS)

0 0.5 0,75 1 ELOSS 3 SUBS 0.85 HITS SITRACKS iOOO 120.20 3500 135
6 2.5 50 10000

0.9251381545
Probability of damage with three submarines attacking from the same relative position.

Example 6: Expected losses from a multiple submarine attack; submarines in different
relative positions (programs ELOSS, SUBS, HITS, TRACKS, and COMBINE)

0 0.5 0,75 1 ELOSS ( 3 SUBS 0.85 HITS SITRACKS 1000 120 20 3500 135
6 2,5 50 10000) COMEBINE .9 HITS 5S¢ TRACKS 1000 120 20 4000 60 5 1.5 6
0 8000

0.92900551757

Probability of damage with three submarines attacking from the same relative position and one
submarine attacking from a different position with a different torpedo type.
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